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Highlights 
 A comprehensive framework to identify hotspots of critical ecosystem services was developed.
 The framework comprised five core steps.
 The framework was applied in the Yangtze River Delta Region.
 Regionalization and management strategies of the YRD Region were suggested.
A B S T R A C T 
Rapid urbanization has altered many ecosystems, causing a decline in many ecosystem services, 
generating serious ecological crisis. To cope with these challenges, we presented a comprehensive 
framework comprising five core steps for identifying and managing hotspots of critical ecosystem 
services in a rapid urbanizing region. This framework was applied in the case study of the Yangtze 
River Delta (YRD) Region. The study showed that there was large spatial heterogeneity in the 
hotspots of ecosystem services in the region, hotspots of supporting services and regulating services 
aggregately distributing in the southwest mountainous areas while hotspots of provisioning services 
mainly in the northeast plain, and hotspots of cultural services widespread in the waterbodies and 
southwest mountainous areas. The regionalization of the critical ecosystem services was made 
through the hotspot analysis. This study provided valuable information for environmental planning 
and management in a rapid urbanizing region and helped improve China’s ecological redlines policy 
at regional scale. 
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With the continuous rise in global population, a simultaneous growth of urban areas is omnipresent 
(Haas et al., 2014). Urban populations are projected to reach nearly 60% of the human population by 
2030; while urban areas will grow twice as fast as urban populations (Elmqvist et al., 2013). Rapid 
urbanization has altered many ecosystems, causing a decline in many ecosystem services, generating 
ecological crisis such as water shortages and pollution, air pollution, soil pollution and so on (Li, et al 
2016). The ecological crisis has become a great threat to global and regional sustainable development. 
In order to address the challenges resulting from rapid urbanization, it is urgent to identify and protect 
endangered ecosystems. 
Ecosystem services (ESs) are the benefits that people obtain from ecosystems, including food, 
natural fibers, a steady supply of clean water, regulation of pests and diseases, medicinal substances, 
recreation, and protection from natural hazards such as floods (MA., 2005; Costanza & Folke, 1997; 
Daily, 1997). ESs were considered as a bridge between environment and human well-being (Van et 
al., 2014), which provide an important framework for linking ecological infrastructure to social 
infrastructure in the city, with the potential to benefit humans and ecosystems (Timon et al., 2014). 
The term ‘ES hotspot’ is increasingly used for the purpose of informing spatial prioritization of ES 
(Cimon-Morin et al. 2013). Despite this growing use of the term, an ES hotspot is not clearly defined 
in the literature yet (Schröter et al., 2016). The term ES hotspot often refers to areas where high 
amounts of one particular service are present (Cimon-Morin et al. 2013), but other studies have 
defined hotspots as areas where multiple ESs overlap (e.g., Gos and Lavorel 2012). 
To facilitate financial incentives for the responsible management of land and habitat, assessments 
and mapping of ESs provide quantitative information to initiate sustainable ecosystem management 
(Robinson et al., 2013). Alessa et al. (2008) reported that output from hotspot mapping were 
dependent on the assumptions underlying the methodology. Mola-Yudego and Gritten (2010) used 
kernel-based hotspot analysis to study forest management conflict clusters based on the number of 
reported conflicts. Other studies have identified areas for conservation efforts, as well as mapping ESs 
such as water supply, soil quality, and carbon in South Africa (Timilsina et al., 2013). Such 
assessments help identify which services are declining because of urbanization. Researches on the 
identification and mapping of ‘hotspots’ are relatively recent and little formal guidance in the current 
literature (Karimi et al., 2015). 
Several methodologies and frameworks using ESs to support environmental management and 
decision making have been discussed (Müller et al., 2007; de Groot et al., 2010; Kroll et al., 2012; 
Crossman et al., 2013; Albert et al., 2014). Van Jaarsveld et al. (2005) presented a practical 
application of ESs mapping at the subcontinental scale for Africa. Troy et al. (2006) developed a 
decision framework or spatially explicit value transfer to estimate ESs flow values and to map results 
for three case studies that represented a diversity of spatial scales and locations. Paetzold et al. (2010) 
developed a framework for the assessment of ESs. Kroll et al. (2012) provided a method to quantify 
and map the ecosystem service supply at the regional scale for a rural-urban region in eastern 
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Germany. Burkhard’s framework made a great improvement. Burkhard’s ESs matrixes were useful in 
providing statistical and spatial information and illustrations (maps) in environmental planning and 
management (Burkhard et al., 2012; 2013). However, these researches failed to provide a complete 
and systematic framework from problems to management and cannot target to multiple ESs 
management. 
China is one of the developing countries with rapid urbanization. Over the past 30 years, China has 
experienced rapid urbanization and an immense growth in population as the consequence of economic 
and political reforms in 1978 (Haas et al., 2014). The Yangtze River Delta (YRD) Region is one of 
the most rapidly urbanized regions in China and has experienced a remarkable period of population 
growth (at an annual growth rate of 3.0%), and urbanization (at an annual growth rate of 9.2%) (Xu et 
al., 2014). Rapid urbanization has dramatically changed land use/land cover patterns and ecosystems 
in the region, causing widespread environmental problems such as water shortages and decline in 
water quality, and serious air pollution (Zhang et al., 2011, Wang et al., 2012). These environmental 
problems have posed great threats to the regional eco-safety, adding new challenges to sustainable 
development in the region.  
To overcome management conflicts and secure ESs, China has proposed a new ‘ecological redline 
policy’ (ERP) using ESs as a way to meet its targets (Bai et al., 2015). To carry out this policy, it is 
fundamental and necessary to identify hotspots of critical ESs. Thereupon, the aims of this study are 
(1) to present a comprehensive framework to identify and manage hotspots of critical ESs in a rapid 
urbanizing region, (2) to apply the framework to the Yangtze River Delta (YRD) region’s 
environmental management.  
2. Methods 
We present a comprehensive framework (Fig.1) for identifying and managing critical ESs hotspots 
in rapid urbanizing regions. This framework comprises five core steps: 
2.1.  Identification of major environmental problems and definition of ecosystems conservation objectives 
Combining analysis of regional professional materials at different spatial and temporal scales, e.g. 
environmental assessment reports, land cover/ land use, with fieldwork and local experts’ 
consultation, regional major environmental problems can be defined.  
Through the socio-ecological context analysis, causal relationships between the environmental 
problems related to urbanization and the decline of ESs caused by deterioration of ecosystems should 
be  understood, and then objectives of management and priority conservation of  critical ecosystems 
and their services in a region can be defined. 
2.2.  Classification of ecosystem types combining CORINE with local expert knowledge 
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The CORINE (Co-ordinated Information on the Environment) data series were established by the 
European Community (EC) as a means of compiling geo-spatial environmental information in a 
standardized and comparable manner across the European continent. Although the CORINE focuses 
on the European continent, it provides a good reference for land cover classification of other 
continents. To address the difference of land cover in different regions, local land cover or ecosystem 
classification may be used to adjust the names and types of land cover or ecosystems of CORINE 
classification.  
2.3.  Identifying and Scoring critical ESs  
Firstly, identification of critical ESs should be Millennium-Ecosystem Assessment-based. The MA 
presented the most-widely used classification system of ESs which grouped ESs into four major 
categories: provisioning services (PS) consisting of the commodities that people use such as fiber, 
food, timber, and water; regulating services (RS) affecting climate, disease, floods, wastes, and water 
quality; cultural services (CS) providing recreational, aesthetic, and spiritual benefits; and supporting 
services (Ecological integrity: EI) assisting in soil formation, photosynthesis, and nutrient cycling 
(MA., 2005).  
Secondly, for scoring critical ESs, the Burkhard’s method constructs an ESs matrix combining land 
cover information in assessment of the state of ecosystems and their capacities to supply ESs based on 
MAs’ ESs classification system (Burkhard et al., 2012). 
Thirdly, the score adjustment of each critical ecosystem service will be made by using local expert 
knowledge. The local experts familiar with the environment of a study area will be chosen and be 
invited to score the ESs of the study area. They will firstly be given the explanation of the definition 
and classification of ESs, and be provided with Burkhard’s original supply scores table and the 
relevant explanation. Next, each expert adjusts the original score of each ecosystem service based on 
his own expertise. Then, the final scores of critical ESs will be discussed together and determined by 
all experts.  
In addition to using local expert knowledge, ecosystem quality or deterioration grade map may also 
be used to adjust the original scores of ESs. For example, land cover/land use maps are used for the 
classification of urban areas, waterbodies and other ecosystems, and water environmental assessment 
maps can be used to adjust the scores of the different quality grades of waterbodies.  
2.4.  Defining and mapping hotspot and coldspot of critical ESs 
The Critical ESs Hotspot and Coldspot Formulation are designed as follow:  
If, Vmax<=5, H=Vmax, C = Vmin; 
If, Vmax>5, H>X+δ, C <X-δ; 
H: hotspot; C: coldspot; 
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Vmax: the maximum of ESs values; 
Vmin: the minimum of ESs values; 
Range: the maximum of ESs values - the minimum of ESs values (Range = Vmax-Vmin); 
AverageX: the mean of ESs values; the mean stands for the score of the average-level capacity of 
each of the four integrated services: EI, RS, PS, and CS; 
STDEV (δ): the standard deviation of ESs values. (STDEV = ). 
From the data distribution, the highest-level of the twenty-three individual ESs were all rate 5, but 
the maximum level of the four integrated ESs were all above 5. For each of the individual ecosystem 
service, the score of 5 represented the maximum level of a very high relevant capacity which has been 
defined in Burkhard’s score matrix.  
But for the four integrated ESs, the range and the fluctuation of the scores of the four integrated 
ESs are different from each other, thus the same score cannot be used as the threshold to define the 
hotspot. So, the mean and the standard deviation were used to define the scores of hotspots and 
coldspots. 
The mean of the four integrated ESs represented the score of average capacity of services, which is 
provided by relevant ecosystems. The standard deviation represented the fluctuation of the score of 
capacities for each of the integrated ESs. 
In order to compare with the average level in each of the four integrated ESs and define how much 
the score of capacities deviate from the average level, both of the mean and the standard deviation are 
applied. If the score is higher than the mean plus a standard deviation of ESs values, the area with 
such a score has a high relevant capacity of ecosystem service or the hotspot. On contrast, if the score 
is lower than the mean minus a standard deviation of ESs values, the area with such a score has a low 
relevant capacity of ecosystem service or the coldspot. 
2.5.  Regionalization of  Critical ESs 
The first step is to map hotspot areas where multiple chosen critical ESs overlap by GIS, and the 
chosen ESs for overlaping should to be determined by the priority conservation objectives defined 
above. Then, critical ecosystems services zones are delineated by synthesizing same kinds of critical 
ESs, land use and physical features. Finally, the ESs zones are characterized with major 
environmental problems, related ecosystems and their critical services, their social driving forces 
correlated with urbanization, and management strategies. 
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Fig.1. The Framework of Hotspots Identification and Management for Critical Ecosystem Service 
3. Case Study 
3.1.  Study Area 
The Yangtze River Delta Region (28.03°28to 33.42°42to 3.32°32to 33t.83°E) is located in 
the coastal region of Eastern China (Fig 2). It encompasses fifteen prefecture-level cities in two 
provinces (Jiangsu, Zhejiang) and one municipality (Shanghai). This region is located in China’s 
biggest estuarine delta alluvial plain of the subtropical monsoon climate zone, which has warm, 
humid weather and abundant rainfall. It has an area about 116,171 km2 and a population of 
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102,176,131 inhabitants in 2010, resulting in a high population density (915 inhabitants per km2). The 
region has 1.2% of the total land area of China but supports 8.1% of the nation's population (1.34 
billion) according to the 2010 Chinese census (Xu et al., 2014).  
This region is both an ecologically fragile area and economically developed region: high population 
densities, low forest cover rates, less per capita green spaces, poor air quality and serious water 
pollution (Luo and J, 2009; Reidsma et al., 2011; Tian et al., 2011; Zhao and Chen, 2011; Reidsma et 
al., 2012; Wang et al., 2012;Su et al., 2013; Zhang et al., 2013; Zhang et al., 2010., Zhou et al., 2013).  
3.2.  Identify problems and define objectives of critical ecosystem service conservation 
The rapid urbanization has greatly changed natural ecosystems in the region since the reform and 
opening in China. The urban sprawling occupied species’ habitat such as natural forest and wetlands, 
brought about habitat fragmentation and reduction of biodiversity, and thus decreased the supporting 
services of forest and wetlands. The decline of regulating services of forest and aquatic ecosystems 
have caused heavy fog and haze and serious water pollution in the region. Therefore, the priority 
should be given to the protection of supporting and regulating services of regional ecosystems in the 
Yangtze River Delta region. 
There is large spatial heterogeneity in landforms and land cover of this region. There are twelve 
land cover types in this region (Fig.2). Urban areas and cultivated land mainly distributed in the 
northeast plain region. Forest and grassland mainly distributed in the southwest mountainous region.  
3.3.  Classify the ecosystem types based on combining CORINE with local expert knowledge 
The raster land cover dataset used in this study is available from the National Geomatics Center of 
China (NGCC) and can be transferred and digitized in GIS format. The images that are utilized for 
GlobeLand30-2010 classification are multispectral images with 30 m resolution, including the TM5 
and ETM + of America Land Resources Satellite (Landsat) and the multispectral images of China 
Environmental Disaster Alleviation Satellite (HJ-1) in baseline year of 2010 (GLC30, 2010).  The 
Yangtze River Delta Region covered four satellite images: N50_25_2010LC030, 
N50_30_2010LC030, N51_25_2010LC030, and N51_30_2010LC030, and all of them are projected 
to the same coordinate system (WGS_1984_UTM_Zone_51N) to facilitate the spatial analysis. 
The land cover and ecosystem types of this case are identified by combining local expert 
knowledge in the Yangtze River Delta Region with the CORINE land cover system. The land cover 
and ecosystem types are: rainfed croplands, mosaic croplands/vegetation, mosaic 
vegetation/croplands, closed to open broadleaved evergreen or semi-deciduous, closed broadleaved 
deciduous forest, closed needle leaved evergreen forest broadleaved and needle leaved forest, mosaic 
forest-shrubland/grassland, mosaic grassland/Forest-shrubland, closed to open shrubland, closed to 
open grassland, sparse vegetation, closed broadleaved forest permanently flooded, closed to open 
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vegetation regularly flooded, discontinuous urban fabric, continuous urban fabric, bareland, beaches, 
dunes and sand plains, Taihu Lake, Qiandao Lake, ponds, Yangtze River, Qiantang River, river 
courses, inland marshes, salt marshes, shallow sea wetlands. 
3.4.  Identify critical ESs and score them  
Twenty-three ESs that derived respectively from ecological integrity (supporting services), 
regulating services, provisioning services and cultural services were classified according to MA, and 
were scored by Burkhard’s method. The matrix linking twenty-three ESs (on the x-axis) to twenty-
eight different land cover types (on the y-axis) was constructed in this paper (Table 1). Local expert 
knowledge was used to adjust the scores of the ESs in Yangtze River Delta Region. In the case of the 
Yangtze River Delta Region, fourteen experts were interviewed and asked to score each ecosystem 
service in the region. The scoring adjustment process was completed according to the methods section 
discussed before. 
 
Fig.2. Location of the Yangtze River Delta Region 
In the case of the Yangtze River Delta Region, among fourteen experts, seven from government 
bodies (one from Shanghai, two from Jiangsu Province, two from Zhejiang Province, and two from 
Anhui Province in the upstream watershed of Hangzhou in Zhejiang Province), three from East China 
Normal University, one from Nanjing University, one from Jiangsu University, one from an 
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environmental institution employed by government in Zhejiang Province and one from a green 
enterprise in Jiangsu Province) were interviewed and asked to score each ecosystem service in the 
region. All experts were familiar with the environmental issues in the Yangtze River Delta Region.  
In the case study, we adjusted the score of each ecosystem service depending only on local expert 
knowledge, because there were not usable ecosystem quality or deterioration grade maps in the whole 
region. 
3.5.  Identify and map hotspots and coldspots of critical ESs 
In this case, we defined the critical ESs hotspots and coldspots by calculating supply capacity 
scores from Table 1. According to the methods we presented in section 2.4, we defined and mapped 
the hotspots and coldspots of twenty-three ESs in Fig.3 and four integrated ESs in Fig.4. 
3.5.1. Natural Causes are decisive factors for the following pattern 
B, F-H, L-N, O-P, V: Hotspots were widespread in southwest mountainous areas, while coldspots 
of B, F-H were scattered in northeastern urban area, of  L-M, O-P were widespread in the northeastern 
plain, and of N, V coldspots were widespread in the northeastern plain except the waterbodies areas. 
K, W: Hotspots were widespread in waterbodies areas and southwest mountainous areas, while 
coldspots scattered in the northeastern plain. 
A, N: Hotspots only distributed in the waterbodies areas of the region. 
S-T, D: Hotspots were only in the estuaries areas in the region. 
3.5.2. Human activities are decisive factors for the following patterns 
Q-R: Contrary to the A-L’s distribution, hotspots were widespread in northeast plain, while 
coldspots were widespread in southwest mountainous areas. 
I-J: Hotspots only distributed in the wetlands of the coastal areas, while coldspots were in the urban 
areas of the region. 
C, E: Hotspots were widespread in the whole region, while coldspots distributed in the urban areas 
of the region. 
3.5.3. The spatial pattern of the hotspots and coldspots of ecological integrity (EI), regulating services (RSs), 
provisioning services (PSs) and cultural services (CSs) 
The hotspots of four major ESs were defined according to the results got from the calculation of the 
equations in the method section. The thresholds of scores of four integrated ESs’ hotspots and 
coldspots were used to determine hotspots by combining the mean and the standard deviation 
(Table.2).  
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Using CSs as an example, since the standard deviation was 3 and average was 4, therefore the 
hotspots values were the one exceeding 7, while the coldspost values were lower than 1. 
 For EI and RSs, hotspots were widespread in the southwest mountainous areas, while coldspots 
scattered in the urban areas of the region.  
For PSs, hotspots were widespread in the northeast plain including cultivated land areas, 
waterbodies and estuaries areas, while coldspots distributed in the southeast mountainous areas. For 
cultural services, hotspots were widespread in the waterbodies and southwest mountainous areas, 
while coldspots scattered in urban areas and rural residential areas in the region. 
3.6.  Regionalization and Management Strategies of Critical ESs 
In this case study, the regionalization of critical ESs was completed through overlapping the 
hotspots of the four integrated ESs (Fig. 5). Six functional zones or types were defined as follow: 
3.6.1. Ecological Integrity Conservation Zone (I) 
The zone only included the hotspot of EI and scattered in the whole area except the urban area 
(Fig.5).  Since EI represented the base for the provision of regulating, provisioning and cultural ESs, 
this zone was vital to support and preserve the processes and structures that were essential 
prerequisites of the ecological ability for self-organization of ecosystems such as biodiversity 
(Barkmann et al., 2001). 
3.6.2. Southwest Mountainous and Hilly Forest Ecological Zone(II): 
The southwest mountainous and hilly forest ecological zone was the one with most various types of 
ESs that included three integrated types (EI, RS and CS ) and twelve individual types in which the 
supporting service(EI) included Biodiversity (B), Storage capacity (G and Reduction of nutrient 
loss(F),. The regulating service included Local climate regulation (H), Water purification (O), Erosion 
Regulation (M), Air Quality Regulation (L), Pollination (P), Nutrient regulation (N) and Groundwater 
recharge (K) the cultural service included Intrinsic Value of Biodiversity (V and Recreation & 
Aesthetic Values (W).  
In this zone, Local climate regulation (H) and Air Quality Regulation (L) offer assistance in 
decreasing regional air pollution as fog and haze. Water purification (O), Erosion Regulation (M) and 
Groundwater recharge (K) offer assistance in reducing water pollution and floods. Intrinsic Value of 
Biodiversity (V), Recreation &Aesthetic Values (W) help to meet the demand of leisure activities and 
tourism from large increasing population. 
For environmental conservation, the administrative boundary should be broken to unify the 
management and conservation of the forest in the region. Further study in ESs hotspots should be 
done to assist delineation of ecological redline for protected areas. 
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PES (payment for ESs) mechanism should be done for forest conservation in southwest 
mountainous and hilly forest ecological zone. The establishment of payment criteria and identification 
of ecosystem service flow are core questions in payment for critical ecological services. These need to 
be done on the basis of a precise quantitative assessment and flow simulation of ESs. 
For socioeconomic development, ecological development that matches local resources such as 
ecological agriculture and ecological forestry should be built by making full use of natural resources 
in this zone. Mountain forest area in this zone is rich in natural scenery tourism resources. Developing 
tourism forms with ecological characteristics will improve human and natural coupling relationship 
and enhance the sustainable utilization of landscapes in this zone. 
3.6.3. Northeast Plain Agriculture Ecological Zone (III) 
This zone included the hotspots of two provisioning services: Crops provisioning (Q) and livestock 
provisioning (R), and mainly distributed in the northeast plain. The conservation of the two 
provisioning services was directly related to food safety for the huge population of the region. 
The main landforms of northeast areas were lowland plain. Cultivated lands such as irrigated 
croplands were dominant ecosystem types in this zone. Habitat fragmentation caused by urban 
expansion and urban rainstorm floods were serious in this zone. The city sprawling and developing 
residential areas occupied or destroyed many species habitats and largely decreased the services 
provided by ecosystems of this region. Therefore, the restriction of urban expansion will be an 
arduous management task in this region. 
Sub zones of ESs should further be delineated and connected with each other to build an ecosystem 
service network based on the deep analysis of hotspots of multiple ecosystems: ecological integrity 
sub eco-zone for conservation of biodiversity, storage capacity and reduction of nutrient loss; 
regulating services sub-zone for regulation of local climate, water purification, erosion, air quality, 
etc.; cultural services sub-zone for conservation of intrinsic value of biodiversity and recreation & 
aesthetic values.  
3.6.4. Aquatic ESs Conservation Zone (IV): 
Four hotspots of ESs distributed in the zone were Abiotic heterogeneity (A), Groundwater recharge 
(K), Freshwater (U) and Recreation & Aesthetic Values (W). Not only the water supply for regional 
residents’ living relied on the rivers and lakes, but the huge demand of entertainment and leisure 
activities of regional residents also relied on the conservation of the waterbodies in this zone. This 
zone could be divided into two subzones: the Qiandao Lake subzone in the south and the Taihu Lake 
subzone in the north. These two subzones were the main sources of water supply for the whole region.  
Aquatic ecosystems such as lakes and rivers were dominant ecosystem types in this zone. Water 
pollution and flood were main ecological risks in this zone.  
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Table 1 Assessment matrix illustrating the capacities of different land cover classes to support ecological integrity (column at the left side), to supply ESs (the 
three columns at right) and statistic indicators: The mean, standard deviation, range (column at the bottom left side). The values/colors indicate the following 
capacities: 0 = no relevant capacity; 1 = low relevant capacity; 2 = relevant capacity; 3 = medium relevant capacity; 4 = high relevant capacity; and 5 = very 
high relevant capacity (after Burkhard et al., 2012; Burkhard et al., 2009). The total score of each of the EI, RS, PS and CS means the total capacity of each of 
the four integrated services. The mean, standard deviation and range were explained in section 2.4. 
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Fig.3. The map of multiple ESs hotspots and coldspots in the Yangtze River Delta Region. The values/colors indicate the capacities of different ESs supply: 
(from 0/grey（coldspot）= demand exceeds supply significantly = undersupply; to 5/black （hotspot）= supply exceeds the demand significantly = 
oversupply)
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Table 2 The table of hotspots and coldspots of ecological integrity, regulating services, 
provisioning services and cultural services in the Yangtze River Delta Region:  
(If Vmax>5, H>X+δ, C <X-δ;H: hotspot; C: coldspot;  
AverageX: the mean of ESs values; 
STDEV (δ): the standard deviation of ESs values.  
STDEV = ). 
 
Fig.4. The map of hotspots and coldspots of ecological integrity, regulating services, provisioning 
services and cultural services in the Yangtze River Delta Region according to Table 3. The black 
color indicates the hotspots of the four integrated ESs supply; the grey color indicates the coldspots of 
the four integrated ESs.  
The discharge of urban domestic sewage and industrial waste water in these areas should be strictly 
controlled. Artificial wetlands should be built in these regions for assistant sewage treatment. Low-
impact eco-tourism could be developed in these areas to meet the huge increasing demand of tourism 
and leisure activities of urban residents. 
For environmental conservation, PES mechanisms between upstream and downstream of rivers and 
lake pollution control should be launched Trans-boundary environmental conservation cooperation 
mechanisms in the lake watersheds should be developed. 
3.6.5. Eastern Coastal Estuaries Ecological Zone (V) 
The zone included four services hotspots distributed in the eastern coastal areas: Metabolic 
efficiency (D), Flood Protection (J) Capture fisheries (S), and Aquaculture (T). The main landforms of 
Ecological integrity Regulating services Provisioning services Cultural services
Standard Deviation 10 12 3 3
Average 19 12 3 4
H>(Average+Standard Deviation) 29 24 6 7
C<(Average-Standard Deviation) 9 0 0 1
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eastern coastal areas are river estuarine plains. Estuaries, salt marshes and shallow sea wetlands are 
dominant ecosystem types in this zone. Water pollution and habitat fragmentation are major 
ecological risks in this zone. Therefore, the protection of coastal wetland and restoration of 
deteriorated wetland ecosystems will be main objectives in this zone. 
3.6.6. Urban Development Area (VI) 
The zone was the coldspots of critical ESs in the region. With urban expansion, this zone will have 
greater demand for ESs. Therefore, the future task is to negotiate the relationship between urban 
development and ecological protection, and decrease the pressure on natural ecosystem. Thus, 
constructing eco-city should be taken into serious and urgent consideration for regional sustainable 
development. 
4. Discussion 
4.1.  The relationship between the rapid urbanization and the pattern of critical ESs: 
Rapid urbanization and cultivation in the northeastern plain is the main reason of significant spatial 
heterogeneity in the Yangtze River Delta Region. The urban area has expanded continuously in this 
plain area in the past 30 years. Due to the rapid urbanization, the world’s sixth largest urban 
agglomeration including Shanghai, Nanjing, Suzhou, Wuxi, Changzhou, Hangzhou, and Ningbo has 
formed in this northeastern plain(Zhang et al., 2010; Zhao et al., 2011; Wang et al., 2012; Su et al., 
2013; Zhang et al., 2013; Zhou et al., 2013). Large amounts of immigrants from other parts of China 
moved to this area every year (Zhao et al., 2011; Wang et al., 2012; Su et al., 2013; Zhang et al., 
2013). In order to meet the huge grain demands from large population, other parts of the northeastern 
plain have been developed into rural settlements and cultivated land in the past 30 years (Zhao et al., 
2004; Huang et al., 2006; Zhang et al., 2010;  Zhang et al., 2013). So, the urban and cultivated lands 
have become the most main land cover types in the northeastern plain. However, the southwestern 
part does not catch the pace of the development of the northeastern part. The expansion of urban areas 
is quite slower in the southwestern part than the northwestern part. But, the southwestern part does 
better in forest conservation and water resource protection than the northeast part.  
4.2.  Measurable factors of ecosystem are quantified in proportion to increasing pace of urbanization under the 
chosen region of study 
If we have ecosystem quality data for the entire region, we can use measurable factors such as the 
changes of water quality classification to reveal how rapid degradation of waterbody ecosystems 
corresponds to the rapid urbanization in the cases in the Yangtze Region Delta Region. Ren et al., 
(2003) examined the water quality at five sampling sites along the course of Shanghai’s Huangpu 
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River between 1947 and 1996. The analysis revealed that there was a strong positive correlation 
between proportion of urban land use (e.g., residential and industrial) and worsening water quality 
classifications. The water quality at each sampling site was classified according to the Chinese 
Government standard for water quality issued in 1988 (GB 3838-88). This standard includes the 
following five water classifications (Ren et al., 2003). 
 
Fig.5. The overlap map of the integrated ESs in the Yangtze River Delta Region. I: Ecological 
Integrity Conservation Zone, II: Southwest Mountainous and Hilly Forest Ecological Zone III: 
Northeast Plain Agriculture Ecological Zone, IV: Aquatic Ecosystem service Zone, V: Eastern 
Coastal Estuaries Ecological Zone, VI: Urban Development Area (coldspots). 
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For example, in a period of rapid urban growth (1979–1996), the annual rate of urbanization was at 
its highest with over 6.5 km2 of land per year converted to urban uses. The proportion of urban land 
increased from 72% at the start of the 1980s to over 96% by the mid-1990s. Corresponding to the 
rapid urban rapid growth, the increment in index scores of water quality classifications of five 
monitoring sites are: Site 1 (+0.5), Site 2 (+1.5), Site 3 (+1), Site 4 (+2), and Site 5 (+1). The 
sampling sites located in the City Proper (e.g., Sites 4) consistently scored higher, i.e., poorer, water 
classifications than the sites located outside, indicating the strong influence of intense urban activity 
on the water quality within the lower reaches of the Huangpu River. 
4.3.  The Method and Hotspots 
Some of the previous studies can be considered as part of the comprehensive of modern hotspots 
identification and management of critical ESs: 
First, incorporation of land use and land cover data in ecosystem service assessments for 
identifying and scoring critical ESs, for example, Burkhard et al., (2009, 2012) presented an approach 
to evaluate ecosystem service provisions of different landscapes (ecosystems) in relation to human 
activities by using quantitative and qualitative assessment data in combination with land cover and 
land use information originated from remote sensing and GIS. Second, identification of environmental 
problems, for instance, Gregory et al., (2012) proposed a structured decision-making process for the 
use of species distribution models (SDMs) which was increasingly proposed to address environmental 
problems (Wintle et al., 2011; Addison et al., 2013; Guisan et al., 2013). Third, threshold methods for 
delineating an ES hotspot according to an expert-based threshold value, for example, Egoh et al. 
(2008) set thresholds of a soil depth C0.8 m and C70 % litter cover for the ES soil accumulation in a 
specific case study.  
However, few studies synthesized these studies for hotspot identification and management of 
critical ESs. Adapted from previous research, we synthesize them into a comprehensive framework 
for priority conservation. In practice, the case study used detailed local land cover classification 
systems that made the new framework more suitable for the practical. situation in the Yangtze River 
Delta Region.  
The ‘ES hotspots calculated by local expert knowledges scores’ can be considered as a new index 
that should be evolved. Since the local expert knowledge scores can be adapted to different contexts 
globally, and they are easier to obtain than observed results by field work, this index would simplify 
the complexity involved in priority conservation of critical ecosystem services within an international 
context.  
Moreover, the ‘local expert knowledges scores area’ may be used as a new index to further quantify 
the amount of supply in hotspot areas and demand of cotspots areas at different scales. Since this new 
index can provide relative amounts of supply, demand and budget of ES, it will be easier than 
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calculating monetary values for environmental planning and urban cooperation in different counties at 
different scales. 
5. Limitations and contributions of the research 
It is undeniable that the method put forward in this paper had some limitations. Firstly, although 
this framework included local environmental reading and preliminary score adjustment process, it 
could not completely avoid the subjectivity of expert scoring method. Secondly, Burkhard’ scoring 
method only helped to define the potential but not actual scores of ESs.  
In order to improve the scoring accuracy of services that present ecosystems provide, we need 
ecosystem quality or deterioration grade map and water environmental grade map in the regional 
scale. However, it is difficult to get these data from the rapid urbanization area. For example, some of 
the natural forests have changed to artificial forests for years. So, it is likely that the services provided 
by artificial forests are much lower than the natural forests. For another, the water quality of some 
parts of Taihu Lake in this region was spoiled by industrial and domestic pollution for a long time 
(Luo et al., 2011; Jiao et al., 2015). Thus, the ESs of these parts were worse than other area of Taihu 
Lake because of the decline of biodiversity and water eutrophication. In the case study, since we only 
had the data about ecosystem qualities of a few number of local areas instead of the data of the entire 
region, experts could not gave different scores according to the variation of ecosystem qualities in the 
regional scale. 
Despite the limitations, this framework is undeniably suitable for environmental management in 
large-scale, data-scare region. For a rapidly urbanized area with urgent demand of overall regional 
guidance for environmental management, it will be a great help for decision makers to quickly 
identify crucial spatial points and effectively decide protection priority areas. 
6. Conclusions 
In this paper, a new comprehensive framework for critical ESs regionalization and management 
was presented. This framework is targeted to regional-scale critical ESs regionalization and 
management by identifying ESs hotspots in rapid urbanization areas. It also will help to delineate 
Ecological Redline at regional scale in China. 
The application of the comprehensive framework in case study revealed the spatial heterogeneity of 
hotspots and coldspots of critical ESs, which will be helpful for critical ESs conservation in this 
region. The regionalization of the critical ecosystem service zones was the first step of Ecological 
Redline delineation in the Yangtze River Delta Region. 
Despite its limitations and uncertainty, the framework can globally be used for identifying hotspots 
of critical ecosystem service and provides valuable information for environmental management in a 
rapid urbanization area. 
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